Introduction
============

Ventilator-associated pneumonia occurs in approximately 25% of intensive care patients \[[@B1]\]. Oral care with antiseptic rinsing is the recommended strategy \[[@B2]\]. Chlorhexidine is often known as the gold standard, based on many studies \[[@B3]\]. However, this compound exhibits toxic side effects in the lungs \[[@B3],[@B4]\]. Octenidine dihydrochloride (octenidine) is also used as an antiseptic oral rinse and has better results documented with respect to gingivitis prophylaxis and plaque inhibition \[[@B5],[@B6]\].

An endotracheal cuff serves as protection against aspiration \[[@B7]\]; however, cuff leakages have been described that support downward flows of pathogens into the lungs \[[@B8],[@B9]\]. An intracuff pressure of 30 cmH~2~O should be used by intensive care patients to prevent intratracheal ulceration and necrosis \[[@B10],[@B11]\]. However, oral care intracuff pressures of 100 cmH~2~O can be used to prevent downward flows due to reported cuff folds \[[@B7],[@B8]\].

The objective of this study was to evaluate the leakage resistance of endotracheal tubes with different intracuff pressures (30 and 100 cmH~2~O) in body donors undergoing oral care with 0.2% chlorhexidine or octenidine.

Materials and Methods
=====================

Six fresh frozen truncated heads (two males and four females; 78.3 ± 8.6 years) from individuals who had donated their bodies for medical research were used. The donors were stored frozen within 24 ± 6 h after their passing. Eighteen hours before the study, each head was defrosted at room temperature (20-22℃).

A Magill endotracheal tube (Endosid® polyvinyl chloride tube, 8.0 mm, cylindrical cuff \[about 24 × 30 mm\], REF 841075, ASID Bonz GmbH, Herrenberg, Germany) was gently inserted into the trachea (20 cm measured from the lips; for each donor a new endotracheal tube was used), and using a calibrated high-volume, low-pressure manometer (VBM Cuff Pressure Gauge, VBM GmbH, Sulz, Germany), the cuff was inflated at a rate of 1 ml/sec (cuff volume: about 10 ml, inflation time: about 10 s) to approximate the intended intracuff pressure (30 or 100 cmH~2~O) and was allowed to stabilise for 10-15 s at the desired pressure.

The inflation volume was recorded, and 20 ml of octenidine solution (Octenidol®, Schülke&Mayr GmbH, Norderstedt, Germany; viscosity: 1 mPa·s \[comparable to H~2~O\]) or 0.2% chlorhexidine solution (Meridol® med, GABA GmbH, Lörrach, Germany; viscosity: 1 mPa·s \[comparable to H~2~O\]) was applied in the mouth ([Fig. 1](#F1){ref-type="fig"}). The volume of the solvent running beyond the cuff in 30 s was measured by collection in a plastic cup. Next, the incorporated solvent was evacuated using a vacuum pump (Eydam Satorious Stedim Membran-Vakuumpumpe, REF 9604072, Erich Eydam KG, Kiel, Schleswig-Holstein, Germany), with control of the remaining agent checked by visual inspection. During the trial, the esophagus was compressed, and subsequently, any oral rinse that had run beyond the esophagus was collected.

After deflating the cuff, the oral rinse that had run beyond the cuff was collected.

Moreover, after the first test procedure, the larynxes (n = 6) were separated from the heads, and tubes were gently inserted into the tracheas ([Fig. 2](#F2){ref-type="fig"}). Next, 2 ml of the oral rinse was applied above each cuff. The volume of oral rinse running beyond the cuff in 5 min was measured by collection in a plastic cup. The sequence of the heads and the sequence of the oral rinse were randomized. The laboratory setting is summarised in [Table 1](#T1){ref-type="table"}.

Statistical analysis
--------------------

Statistical analysis was performed with a t-test for the parametrically distributed (Kolmogorov-Smirnov test; P = 0.94) data using the WinStat Excel Add-In (Version 2007.1, R. Fitch Software, Bad Krozingen, Germany) (significance level: P \< 0.05).

Between all tested groups (30 and 100 cmH~2~O, chlorhexidine and octenidine), there were no significant differences in the volume of leaked oral rinses into the esophagus (P = 0.82) and trachea (P = 0.25), respectively.

Results
=======

Head-and-neck dissection
------------------------

There was no leakage observed at any of the tested cuff-pressures (30 and 100 cmH~2~O) of any tested antiseptic oral rinse (0.2% chlorhexidine and octenidine).

However, after the evacuation of the antiseptic oral rinse, there was a discrepancy of 176 ml (133 ml rinsed into the esophagus and 43 ml beneath the cuff) between the applied volume (480 ml) and the evacuated volume (304 ml).

Approximately 133 ml (30% of the applied antiseptic rinse \[average 5.56 ml for each trial (5.56 ml × 24 trials = 133 ml\]) leaked into the esophagus.

The remaining 43 ml (10% of the applied antiseptic rinse \[average 1.8 ml for each trial (1.8 ml × 24 trials = 43 ml)\]) was evaluated as a cuff-puddle that was revealed beneath the cuff after deflating.

The oral rinses did not run beyond the cuffs either during the application of the rinse or during the residence time of 30 s. The volume of agent remaining after evacuation was 5.5 ml (min-max: 1.6-9.1 ml).

Larynx dissection
-----------------

During the application time of 5 min, there was no leakage observed at any of the tested cuff pressures (30 and 100 cmH~2~O) for any of the tested antiseptic rinses (0.2% chlorhexidine and octenidine). The sealing between the endotracheal tube cuff and the tracheal wall was leakage-proof.

No agent ran beyond the cuffs after 5 min at cuff pressures of 30 and 100 cmH~2~O. The complete volume of 2 ml remained above the cuff.

Discussion
==========

This study is the first to report results concerning the possible leakage of endotracheal cuffs during the application of chemotherapeutic agents with retentivity effects of about 24 hours in human heads. Various data have been published regarding cuff folds, which permit the aspiration of regurgitated gastric fluid or oral secretions \[[@B8],[@B9]\].

Cuffed endotracheal tubes are important for airway management, and the maintenance of cuff pressure should not be neglected. A cuff pressure of approximately 30 cmH~2~O is adequate for leakage protection in airway management \[[@B10],[@B11]\]. Our results support this pressure of 30 cmH~2~O during oral care with oral rinsing. Pressure over 30 cmH~2~O compresses the mucosal capillaries and impairs blood flow, with total occlusion occurring at 50 cmH~2~O \[[@B12],[@B13]\]; thus, 15 minutes is the maximum duration for the safe use of this pressure \[[@B10]\]. In our study we used 30 and 100 cmH~2~O for the intracuff pressure. The 30 cmH~2~O represented the routine cuff pressure used in our intensive care unit, and 100 cmH~2~O is used for the duration of the oral care with the oral rinse (about 30 s). The five minutes of application in the laryngeal dissection was performed to test the maximum load.

Chlorhexidine is often referred to as the gold standard, based on many studies \[[@B3]\]. However, this chemical causes toxic side effects in the lungs \[[@B3],[@B4]\]. Octenidine is also used as an antiseptic oral rinse and has better results documented with respect to gingivitis prophylaxis and plaque inhibition \[[@B5],[@B6]\]. It appears that octenidine will be the next gold standard due to its lack of side effects. Our results show that there is no influence on cuff leakage based on either the chemotherapeutic agent used (0.2% chlorhexidine or octenidine) or the cuff pressure (30 or 100 cmH~2~O). Anatomical conditions, e.g., tongue size, mouth size, stoma size, and dentures, may affect the adequate evacuation of the oral rinse and promote the retention of the rinse.

Chlorhexidine and octenidine are cationic antiseptic rinses, which have comparable viscosity (comparable to water) and hepatics in handling. However, there are differences in their antiseptic properties. No allergic potential, antimicrobial resistance, or protein error are reported for octenidine; moreover, the biocompatibility index is better for octenidine. Chlorhexidine has allergenic potential and protein error, and a gram negative loophole has been reported; however, chlorhexidine offers the advantage of having widespread use, and longtime experiences with chlorhexidine have been reported \[[@B14]\].

The German institute of hygiene (Robert-Koch-Institut) has recommended octenidine as an antiseptic rinse for premature newborn infants under 1500 g bodyweight, and has classified it as harmless \[[@B15],[@B16]\].

The leakage of about 30% of the rinse into the esophagus can be considered as non-hazardous due to the fact that chlorhexidine and octenidine are not resorbed by the gastro-intestinal tract owing to the cationic structure. The toxic side effects in the lungs are described for chlorhexidine \[[@B3],[@B4]\]. However, comparable data have not been reported for octenidine. Adequate evacuation with a vacuum pump before deflation of the endotracheal cuff is the best comportment to prevent toxic effects of any solution in the lungs.

The study limitations must be considered when interpreting the results. First, in this study, only one endotracheal system (Magill tube system; no comparisons with the Woodbridge or Oxford-non-kinking tube system) was used, and no comparison with other systems was conducted. Second, the lower limit at which the leakage protection was lost was not determined. Third, a mechanical cleaning was not performed, which could have caused bias in the assessment of leakage protection; moreover, no continuous positive airway pressure or biphasic positive airway pressure ventilation was performed which may have also caused bias in the evaluation of the sealing between the trachea and endotracheal cuff.

In further studies, the microbial conditions and the potential for causing pneumonia of the cuff puddle should be investigated. The cuff puddle is likely a mixture of oral secretions, oral rinse, and skin flakes.

The sealing between an endotracheal tube cuff and the tracheal wall is leakage-proof during oral care with an antiseptic solution. However, approximately 30% of the applied antiseptic solution can leak into the esophagus, and approximately 10% can leak into the trachea after the cuff has been deflated.
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![Head-and-neck dissection. A body donor intubated with an 8.0 mm endotracheal tube. The esophagus, larynx and a part of the trachea were retained after abscission of the head. Inset: The application of the oral rinse with a 20 ml syringe.](kjae-65-438-g001){#F1}

![Laryngeal dissection. The larynx was intubated with an endotracheal tube (8.0 mm), and 2 ml oral rinse was applied from above. The A indicates the epiglottis, the B indicates the vote lips, and the C indicates the trachea.](kjae-65-438-g002){#F2}

###### 

Test Procedures
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From top to bottom the following steps were performed. In test No. 1 and No. 2, chlorhexidine and octendine, and 30 and 100 cmH~2~O were used. Differences between the two tests were found in trial duration, amount of application and the angle of the larynx given by the anatomical dissections.
